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regenerating species and facilitating secondary weed invasion (Yelenik et al., 2004; Turner 105 and Virtue, 2006; Mason and French, 2007) . It is therefore necessary to investigate not only 106 the effects of a plant invader, but also the effects of its control on native vegetation. Only then 107 can appropriate and effective management procedures be developed to mitigate the adverse 108 effects of the invader and promote community recovery. 109
In the current study we investigated the effects of invasion and management (i.e. a dense mesophyllous subcanopy of rainforest trees and shrubs (Keith, 2004 were haphazardly interspersed across the study area, separated by a minimum of 50 m. All 188 sites were positioned within the forest interior away from adjacent cleared land. 189
At each site, the percentage L. camara foliage cover, percentage sclerophyllous 190 canopy cover, and identity and percentage foliage cover of native and exotic vascular plant 191 species were recorded. Species nomenclature followed Harden (1990; 1992; 1993; 2002) and 192
Robinson (2003). Species percentage foliage cover was measured following a modified Braun 193
Blanquet cover abundance scale (1, < 5% cover and one or a few individuals; 2, < 5% cover 194 and uncommon; 3, < 5% cover and common; 4, < 5% cover and very abundant; 5, 5-20% 195 cover; 6, 21-50% cover; 7, 51-75% cover and 8, 76-100% cover) (Poore, 1955 
Data analysis 203
One-way analysis of variance (ANOVA) (JMP version 5.1) assessed differences in 204 species richness and tree (juveniles and adults) and shrub densities amongst invasion 205 categories. Two-way ANOVA assessed differences in species richness within growth forms 206 amongst invasion categories. Square root data transformations were performed as necessary to 207 satisfy test assumptions of normality and homogeneity of variance. Post hoc comparisons 208 amongst means were performed using the Student-Newman-Kuels (SNK) test. The Kruskal-209
Wallis non-parametric single-factor analysis of variance by ranks assessed differences in 210 juvenile and adult densities amongst invasion categories for individual tree species (Zar, 211 1999 ). The Kruskal-Wallis test was performed only for species occurring in all three invasion 212 categories. Post hoc pair-wise comparisons amongst ranks were undertaken using the Mann-213
Whitney test (Zar, 1999) . 214
Species composition amongst invasion categories was compared using a multivariate 215 approach, following Clarke (1993) and Clarke and Gorley (2000) . Similarities in species 216 composition between invasion categories were assessed using a one-way analysis of similarity 217 (ANOSIM). Species contributing to the within-group similarities as well as differences 218 amongst invasion categories were determined using similarity percentage analysis (SIMPER). 219 ANOSIM and SIMPER utilised species Braun Blanquet cover abundance data as well as 220 species presence/absence. Estimates of compositional similarity amongst invasion categories 221 were determined using a Bray-Curtis similarity matrix (Clarke, 1993; Clarke and Gorley, 222 2000). Cover of L. camara was excluded from composition analyses as this defined each 223 invasion category. Additionally, changes in species composition were assessed visually using 224 two-dimensional non-metric multidimensional scaling ordination (Clarke, 1993) The mean native and exotic species richness varied significantly amongst invasion 236 categories (native: F 2, 27 = 27.23, P < 0.0001; exotic: F 1, 18 = 7.68, P = 0.0126) (Figure 1 ). 237
Managed sites had significantly more native species than both non-invaded and invaded sites, 238 and invaded sites had the fewest native species overall. Managed sites had significantly more 239 exotic species than invaded sites; no exotic species other than L. camara occurred in non-240 invaded sites. 241
The mean native species richness within each growth form responded differently to L. 243 camara invasion and management (F 8, 135 = 3.3975, P< 0.0014) (Figure 2 ; Table 1 ). Non-244 invaded and managed sites had significantly more fern, herb, tree and vine species than 245 invaded sites. Managed sites had significantly more herb and shrub species than either non-246 invaded or invaded sites. Shrub species richness was similar between non-invaded and 247 invaded sites. The variation in exotic species richness within growth forms amongst invasion 248 categories was not tested as most species were herbs; no exotic fern or tree species were 249 recorded. 250 Table 1 ] 252
Invasion categories were compositionally distinct (Global R = 0.487, P = 0.001) 253 (Table 2 ). Managed and invaded sites had the most different species compositions (average 254 dissimilarity = 75.39%). Two-dimensional non-metric multidimensional scaling ordination of 255 species cover clearly separated invaded sites from both non-invaded and managed sites 256 (Figure 3a) . Invasion categories were also separated when species presence/absence were 257 analysed (Global R = 0.433, P = 0.001), indicating that species identity, as well as cover, was 258 a key component of community change (Table 2, Figure 3b ). Compositional dissimilarities 259 amongst invasion categories were retained when exotic species were excluded from the 260 ANOSIM (Global R = 0.49, P = 0.001) ( Table 2 ). As native herb and shrub species richness 261 were significantly higher in managed sites compared with non-invaded and invaded sites, 262 these may have had a greater contribution to compositional differences amongst invasion 263 categories than fern, tree and vine species. However, compositional differences amongst 264 invasion categories still retained significance when herbs and shrubs were removed from the 265 ANOSIM (Global R = 0.369, P = 0.001), showing that changes in cover of fern, tree and vine 266 species were also key factors of community change (Table 2) . 267 Table 2 ] 268 [insert Figure 3 ] 269 Native mesophyllous subcanopy trees were the most abundant and common species in 270 the study area, including Acmena smithii, Doryphora sassafras and Pittosporum undulatum. 271
Subcanopy trees contributed strongly to compositional dissimilarities amongst invasion 272 categories (Table 3 ). The average cover of most species was lower within invaded sites than 273 both non-invaded and managed sites. Two common herbs, Oplismenus spp. and Dichondra 274 repens, also contributed strongly to compositional differences amongst invasion categories. 275
Both herb species were widespread in managed sites, though found rarely in non-invaded and 276 invaded sites. 277 Table 3 ] 278
Community composition was marginally more homogeneous amongst non-invaded 279 sites (average similarity = 43.74%) compared with managed (average similarity = 39.09%) 280
and invaded (average similarity = 38.76%) sites (Table 4 ). All species contributing up to 50% 281 of the average similarities between sites within each invasion category were abundant and 282 widespread native species, consisting mainly of subcanopy mesophyllous trees. Eucalyptus 283 quadrangulata was the strongest contributor to similarities in non-invaded and invaded sites, 284 reflecting its dominance in the canopy. Non-invaded sites were also characterised by the herb 285
Pseuderanthemum variabile. Managed sites were characterised by more vine and herb species 286 than either non-invaded or invaded sites (Table 4) . Non-invaded and managed sites became 287 more homogeneous when the total species cover abundance data were presence/absence 288 transformed, as shown by the contraction of sites in ordination space (Figure 3b ), indicating 289 that compositional differences amongst non-invaded and managed sites were caused more by 290 altered species cover than occurrence. 291
[insert Table 4 ] 292 293
Effects of L. camara invasion and management on species recruitment 294
Total tree juvenile and adult densities as well as shrub density varied significantly 295 amongst invasion categories (tree juvenile: F 2, 57 = 30.038, P <0.0001; tree adult: F 2, 57 = 296 27.3019, P <0.0001; shrub: F 2, 57 = 13.0921, P <0.0001) (Figure 4 ). Managed sites had 297 approximately 13 times more tree juveniles than invaded sites and two times more than non-298 invaded sites. Non-invaded sites had about six times more tree juveniles than invaded sites. 299
There were about two to three times more adult trees in non-invaded sites compared with both 300 managed and invaded sites; adult tree density was similar between managed and invaded 301 sites. Shrub density was 10 to 15 times higher in non-invaded and managed sites compared 302 with invaded sites, and non-invaded and managed sites had similar shrub densities (Figure 4) . 303
[insert Figure 4 ] 304 Juvenile and adult densities were compared amongst invasion categories for 11 305 common native tree species (Table 5) . Nine species had significantly higher juvenile densities 306 in both non-invaded and managed sites compared with invaded sites, verifying changes in 307 vegetation composition attributable to these species. There was no significant difference in 308
Pittosporum undulatum juvenile density amongst invasion categories. There were no 309 juveniles of canopy species Eucalyptus quadrangulata and E. muelleriana found at any site. 310
Most species had similar adult densities amongst invasion categories; however, three species 311 had higher adult densities in non-invaded sites compared with both managed and invaded 312 sites. Managed and invaded sites exhibited similar adult densities for all species tested. 313 However, shrub density was about 10 times lower within invaded sites than non-invaded sites, 344
indicating that persistent L. camara invasion could eventually displace current shrub species. 345
Management of L. camara led to an increase in native species richness. Lantana 346 camara managed vegetation comprised 1.2 and 2.5 times more species than non-invaded and 347 invaded vegetation, respectively. All growth forms responded positively to L. camara 348 management, but increased species richness was more pronounced for herb and shrub species. 
Effects of L. camara invasion and management on species recruitment 385
Invasion of L. camara adversely affected tree juvenile density, which was about six 386 times lower in invaded sites than in non-invaded sites. Reduced juvenile densities were found 387 for most of the common subcanopy tree species. These results indicate that L. camara 388 invasion can limit the recruitment of some resident native species, causing reduced species 389 richness, abundance and altered compositions. Native species recruitment limitation is 390 recognised as an important mechanism facilitating woody plant invader establishment and 391 persistence in disturbed communities, as well as a common mechanism of weed impact 392 Overall, adult tree density was significantly lower in invaded sites than in non-invaded 409 sites. However, it is unlikely that L. camara actively displaced resident adult individuals 410 (Stock, 2005) . Duggin and Gentle (1998) showed that L. camara invasion is facilitated by 411 vegetation disturbance, such as livestock grazing, fire and canopy damage, and Stock (2005) 412 showed that the capacity for L. camara to displace established intact vegetation is low. n/a n/a n/a 3.6865 0.1583, ns Cryptocarya glaucescens n/a n/a n/a 1.3970 0.4973, ns Diospyros australis a b b 6.0036 0.0497* Doryphora sassafras n/a n/a n/a 3.2658 0.1954, ns Elaeodendron australe n/a n/a n/a 5.5056 0.0638, ns Eucalyptus spp. b n/a n/a n/a 3.7099 0.1565, ns Livistona australis n/a n/a n/a 0.8077 0.6677, ns Notelaea venosa a b b 7.4703 0.0239* Pittosporum undulatum n/a n/a n/a 3.2103 0.2009, ns Stenocarpus salignus n/a n/a n/a 0.5185 0.7716, ns a Lower case letters, a and b, denote significant differences amongst ranks (P ≤ 0.05; Mann-Whitney test; a ranked denser than b) for L. camara noninvaded (C), invaded (L) and managed (M) sites. b Adult densities for the two dominant canopy species, Eucalyptus quadrangulata and E. muelleriana, were analysed jointly and are presented as Eucalyptus spp. *Denotes statistical significance; ns = not statistically significant; n/a = not applicable. 
